Introduction
Epilepsy is more prevalent in the learning disability population than the general population and up to 1 in 4 people with epilepsy may also have an IQ of less than 70. 1 The majority of those with a low IQ (<70) have either multifocal epilepsy or symptomatic generalised epilepsy and anti-epileptic drugs (AEDs) will be the primary treatment option. However, up to a third of people with a low IQ and epilepsy may have a partial epilepsy syndrome. 2 As such, surgery may be a viable treatment option if their seizures are not adequately controlled by medication. The question of whether people with epilepsy and a low IQ should be considered for focal epilepsy surgery has been the subject of a longstanding debate. A low IQ may be a marker of diffuse, widespread cerebral abnormalities and epileptogenicity; in such cases the presence of intellectual disability may exclude people from surgical treatment. Whilst older studies found that poor postoperative seizure control was associated with a lower IQ (see Chelune et al. 3 for a review), more recent studies have not found a significant relationship between postoperative seizure control and IQ. 4, 5 It is noteworthy that the patients in the early studies underwent surgery prior to the advent of magnetic resonance imaging (MRI) and might have been excluded from the surgical option on imaging evidence of widespread abnormalities, had it been available. There may be a critical cut-off in IQ, below which it becomes an important factor in postoperative seizure control, and above which it exerts less influence. In studies of patients with an IQ within the normal range, i.e. above 70, there appears to be comparable postoperative seizure control in patients with IQ's greater or less than 85. 3, 6, 7 However, in surgical populations with an IQ of less than 70, a low IQ appears to be significant independent predictor of postoperative seizure control, even when adjusting for other clinical variables. 8 The key role of MRI in the presurgical evaluation of potential epilepsy surgery patients and the recognition of a surgically treatable mesial temporal lobe epilepsy syndrome 9 Nevertheless, a large number of refractory patients remain under-investigated and untreated.
14 A cumulative body of evidence indicates that whilst people with intellectual and learning disabilities tend to have greater medical needs than the general population, they are generally underrepresented in medical patient populations. [15] [16] [17] The aim of this study was to investigate access to and outcomes following epilepsy surgery for people with a low IQ.
Methods
An audit of all adult patients who had undergone a neuropsychological assessment as part of their preoperative evaluation for epilepsy surgery at the National Hospital for Neurology & Neurosurgery, London from 1988 to 2007 was conducted (n = 953). Preoperative Verbal IQ, as assessed by the WAIS-III (or WAIS-R prior to 1999) was examined together with assessment outcome (proceeded to surgery vs. did not proceed). A verbal IQ (VIQ) of less than 70 was used as a measure of low IQ in this population as the high level of additional physical disabilities (hemiparesis, etc.) in this neurological population leads to a wide scatter in scores on the performance subtests of the WAIS-R/WAIS III, leading to distortions when these subtests are included in calculations of a full scale IQ.
In those that proceeded to surgery, seizure outcome 1 year following the operation was classified using an international standard classification system to rate the success of the surgery. 18 No reductions of AED's are made during the first post-operative year.
Results

Access to presurgical evaluation
69 patients with an VIQ of 70 or less have undergone a presurgical evaluation at our centre. There appears to have been a shift in referral patterns over time, with more patients with a lower VIQ accessing the service in recent years. 3% of the patients assessed between 1988 and 1999 had a VIQ of 70 or less (mean = 67.1; range 63-70) compared to 10% assessed between 2000 and 2007 (mean = 64.5; 48-70). This difference is statistically significant (x 2 = 17.89, p < 0.01).
Exclusion from surgery
Preoperative candidates with a VIQ of 70 or under are significantly less likely to proceed to surgery than candidates with an IQ above 70. Only 1 in 4 of the low VIQ group were offered surgery, compared to 1 in 2 of the candidates with a VIQ above 70. The reasons for rejecting many of the candidates with a low IQ from the surgical option are presented in Fig. 1 . Over half of the potential candidates were excluded from proceeding to the surgical option due to poorly localised seizure foci evident on MRI or EEG.
Surgical outcome in patients with a low IQ
17 patients with a VIQ of 70 or under proceeded to surgery (approximately 25% of those assessed). Surgical procedures included 15 anterior temporal lobe resections [7 RTL; 8 LTL) and 2 hemispherectomies.
In the low VIQ TL surgery group, 10/15 patients (66%) were seizure free at 1 year (Engel Class 1A). These figures are comparable to those recorded in the cohort of patients with a VIQ greater than 70 (68%).
In the entire TL surgical sample (n = 313) patients who were seizure free (mean VIQ = 93.05, n = 214) did not significantly differ in VIQ score from those who continued to have seizures postoperatively (mean VIQ = 93.15, n = 99) (t = À0.064, d.f., 311, p > 0.05).
Discussion
The findings in the present study suggest that access to epilepsy surgery has significantly improved in the 21st Century for patients with learning disabilities. In the last decade of the previous century, only 3% of our presurgical population had a VIQ below 70, in comparison to 10% of the presurgical population in the present century/millennium. It was also encouraging to find a wider range of intellectual abilities in the later cohort, with patients functioning in the moderate intellectual disability range (VIQ < 50) being considered for TL surgery.
The postoperative outcome in terms of seizure control following TL surgery in our low IQ group was comparable to the seizure outcome in the patients with an IQ greater than 70. However Malmgren et al. 8 found that a lower IQ was a significant prognostic factor for postoperative seizure control in their large sample of surgical patients. One of the factors that may account for these discrepant findings may be the characteristics of the samples studied; Malmgren et al. studied a mixed sample of TLE and extratemporal lobe surgical candidates with a wide range of cognitive deficits, including 18 patients with a full scale IQ below 50. It seems probable that the prognostic importance of IQ in the surgical decision making process is inversely proportionate to it's value. A number of studies have suggested that IQ may not be an important prognostic factor if it lies within the normal range. 3, 6, 7 The majority of the low IQ patients in our study were functioning in the mild learning disability range with VIQ's in the 60-70 range. Our data suggests that within this range, surgical outcomes can be good, bearing in mind that only 1 in 4 of the presurgical candidates in this group are offered a surgical option. Whilst more people with learning disabilities are undergoing presurgical evaluation, the overall rejection rate for patients with a low IQ remains significantly higher than for patients with an IQ greater than 70. It is important to ensure that people with learning disabilities continue to be investigated, since some may question whether it is a optimal use of a scarce and expensive resource to investigate so many for so limited a yield. Evaluation for surgery can be a long and stressful process, with many investigations and overnight hospital stays. It may be helpful for potential candidates who have learning disabilities and their families to know at the outset that their chances of being offered a surgical treatment at the end of the process may be less than other prospective candidates. Detailed consideration should be paid to issues of informed consent in this group not only in terms of the surgery itself, but also the likely course of their presurgical investigations.
Approximately two thirds of the patients with learning disabilities who were evaluated for surgery in our program did not proceed to resection, on the basis of EEG or MRI evidence of widespread cerebral abnormalities. However, 12% of candidates with learning disabilities were rejected from the surgical program primarily on the basis on neuropsychological concerns. The standardised neuropsychological protocol for surgical assessment contains many tasks that do not have appropriate norms for people with learning disabilities. It remains the case that much more work needs to be undertaken to ensure that people with a low IQ receive an appropriate neuropsychological assessment with a specialist protocol developed specifically for this population 19 to ensure that these patients are not being excluded from the surgical option erroneously.
The follow-up period used in this study was 1 year. No reductions in antiepileptic medications are attempted in any of our patients during the first year following surgery. Further follow-up is needed to establish whether people with a low IQ differ in their chances of becoming seizure free and off medication in the long term compared to other surgical candidates.
Conclusions
There has been a significant increase in the relative numbers of people with learning disabilities who are undergoing evaluation for epilepsy surgery. Whilst people with learning disabilities appear to achieve comparable postoperative seizure control to their counterparts with an IQ greater than 70, they are significantly less likely to proceed to surgery, since the presurgical investigations are more likely to indicate that surgery is a not viable option. Special consideration should be given to candidates who are excluded from surgery primarily on the basis of neuropsychological data, since the necessary specialist protocols and appropriate norms are not widely available for this population.
